A linearizer has been produced to linearize a 200W C Band Gallium Nitride solid state power amplifier. The design is developed based on the method of correcting phase and gain distortion. The linearizer successfully increases the effective output power of the amplifier by at least 1dB for 5.85GHz-6.725GHz, keeping IM3 levels at lower than -22dBc. The device also improves the flatness of the gain vs input power transfer function of the amplifier over a wide range of input powers and across the frequency band. This linearizer gives a modest improvement in intermodulation distortion correction and gain vs input power flatness compared to other linearizers of similar complexity, cost and size.
I. Introduction
F power amplifiers have non-linear properties that can cause a number of problems in communication systems. Because of these problems, it is very beneficial to keep power amplifiers as linear as possible using linearization. Linearization reduces distortion in RF signals and spectral regrowth into neighbouring frequency channels. Reducing these problems allows an amplifier to be driven harder to increase its output power without attendant distortion effects. Linearization in combination with optimal biasing of an amplifier can improve efficiency considerably.
With GaN SSPA usage set to grow, linearization of GaN is an important topic, but can present additional challenges. GaN SSPAs have greater efficiency and greater power density per unit area than GaAs SSPAs, but have different linearity properties [1] . For a GaN amplifier, gain compression starts at much lower input powers than a comparable GaAs amplifier and gradually becomes greater until saturation power. Analog predistortion linearizers can be made to have few components. The major cost of development comes from the design stages and the tuning stage. A linearizer can be tuned by altering a number of control voltages of variable attenuators, phase shifters or gain controllable amplifiers.
The aim of the linearizer to be presented is to linearize an amplifier made from two 100W C Band (5.85GHz-6.725GHz) GaN HEMTs. The 5.85GHz-6.725GHz band is further split into two commonly used bands, 5.85GHz-6.425GHz and 6.425GHz-6.725GHz. The linearizer can be tuned to specifically give the best results at these separate bands.
The main specification of the linearizer is to increase the output power of the device by at least 1dB, keeping third order intermodulation distortion ratio (IM3) -22dBC, relative to a single tone of a two tone test, or lower across each band. Gain compression should also be decreased. The first section of this paper reviews the design of the linearizer while the second section presents measured results.
II. Linearizer Design

A. Design Considerations
Linearizing GaN presents additional challenges over GaAs due to generally poorer linear properties [2] . Linearization must occur over a wider range of input powers for GaN SSPAs because of their more gradual gain compression. The biasing of an amplifier has an important partnership with linearization, because it affects the level of gain compression, IMD and efficiency.
Another problem that is common for both GaAs and GaN amplifiers is that the small signal gain and gain compression are both higher at low frequencies. The linearizer can be effectively designed using a measure, model, predict approach. The non-linear properties of potential components of the linearizer can be measured across the frequency band and expected input powers. A model of different linearizer configurations based on these measurements can be made using MATLAB and used to predict the effectiveness of each configuration.
Linearization can be performed by correcting for gain and phase distortion (AM/AM and AM/PM). It is beneficial to keep gain and phase control separately tunable to reduce tuning time and system complexity. Gain correction is easy to tune by using a VNA to perform a sweep of input powers; the gain is made as constant as possible across a wide range of input powers. The phase correction can then be tuned to reduce intermodulation distortion (IMD), due to the relationship between gain/phase distortion and IMD [3] .
These requirements can be met with a linearizer represented by the block diagram in Fig. 1 . Functionality of components is explained in the following sections.
B. Gain Correction Path
The level of gain expansion/compression can be controlled with small MMICs designed for voltage controllable gain and gain expansion. These devices have a high noise figure when made to give large gain expansion, which is required to compensate for gain compression of the main amplifier itself. Placing two MMICs in series can give the same level of gain expansion with less noise. Gain expansion across the frequency band of the gain control MMIC is frequency independent, but the SSPA to be linearized does not have this property. To give a frequency dependent gain expansion from the gain correction device, a low pass filter is required before the gain correcting MMICs. The low pass filter is used so the range of input powers that are input to the gain control MMICs lie at a steeper section of the gain expansion curve (shown in Fig. 2 ) than high frequencies which require less gain expansion. A subsequent high pass filter is then used to equalize the effects of the low pass filter.
C. Phase Correction Path
A phase correction path is required to correct AM/PM distortion of the main SSPA and the gain correction path. The phase correction path needs to correct across a wide range of input powers in order to give reduced IMD at high input powers. Phase distortion is relatively frequency independent, so the phase vector must be added to the original signal rather than the gain-corrected signal (which is frequency dependent).
The magnitude of the phase correction vector must be negligibly small at low input powers and increase by more than 50dB over a 13dB input power change, as seen in Fig 3 . This is not achievable with only a single component and would require a large number of devices in series, such as the gain control MMIC, which is not practical from a design and tuning sense. The phase of the required phase correction vector is constant to ±10° and can be set with a voltage controllable phase shifter.
A simple yet effective solution to this is to use two LNA MMICs in parallel, separated and combined with two 90° splitters, as seen in signal magnitudes of both paths are made equal by making the overall attenuation of each path equal. At small signal, the values are cancelled. When the power increases, one amplifier moves to a non-linear region of gain and phase distortion which can be used to control the magnitude and phase of the phase correction vector. The vector obtained by recombining the two signals can be simulated by measuring the phase distortion and gain compression of the LNA MMICs from small signal up to saturation power. MATLAB can be used to simulate the recombination of the non-linear and linear paths across a suitable range of input powers. This simulation confirms the phase correction path is capable of giving a phase correction vector that has an increasing magnitude that matches the required signal shown in Fig. 3 to a reasonable level of accuracy. The phase can also be made nearly constant, similar to the required signal.
III. Experimental Results
A. Linearizer PCB
The final PCB is shown in Fig. 4 . The PCB uses RO4003C substrate and has an area of 65mm by 35mm. 
B. Low Frequency Tuning
In Fig. 5, IM3 is improved across the band, except at the highest frequencies where the output power has improved considerably for only a slight increase of IM3. 6.425GHz gave a curve very similar to the curve for 5.85GHz shown in Fig. 6 . Final output power improvements for IM3 better than -22dBc or better are shown in Table 1 for low frequency specific tuning and Table 2 for high frequency tuning.
Centre frequencies were not measured, but based on Fig. 5 , a similar improvement can be expected across the band.
C. High Frequency Tuning
An output power increase of 1dB is significant, especially when paired with potential increases in efficiency provided by changing biasing of the main amplifier. Frequencies at the low end of the high frequency band had the least improvement, likely due to the overcorrection of the filter at the highest frequencies, seen in Fig. 5 and Fig. 7 . 
IV. Conclusion
In this paper, an analog predistortion linearizer that was designed by EM Solutions to linearize a 200W C Band GaN amplifier was presented. Gain expansion and phase correction were designed to be controlled separately for ease of tuning. Output power at IM3 no more than -22dBc was improved by at least 1dB and was around 1.4dB at most frequencies. The flatness of the gain vs input power transfer function was also improved. When combined with tuning the biasing of the amplifier, this linearizer gives an improvement in efficiency, linearity and output power.
